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The purpose of a crystallographic data collection is to extract the required 

structural information from a crystal given finite available experiment time 

and the limited crystal lifetime in an X-ray beam  

Data quality 

 

 

 

Completeness          Resolution          Statistics 

Good-quality data will always make structure solution easier and will produce more 

faithful electron density as well as a more accurate atomic model. It is therefore 

important to carry out the diffraction experiment under optimal conditions  
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 Main uncertainties of the observed intensities are determined  

by counting statistics  

Accuracy 
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where m and n are number of pixels in the peak and background region of the 

measurement box respectively. G is the detector gain, which converts pixel counts to 

equivalent X-ray photons. Kins is a proportionality constant for the instrument-error 

term 

Ip 
Ib 



A.Popov  5 

Complications 

• Large cell parameters  

• Weak diffraction intensity – light atoms 

• Poor crystal quality – big B- factor 

• Background intensity > diffraction intensity 

Background intensity 
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10x1000x10 eV 

 

 

Ziaja et. al, 2000-2002 

Photon interaction  

with soft matter 

Primary X-ray interaction processes with the atoms of 

the crystal and solvent. (a) Elastic (Thomson, coherent) 

scattering. (b) Compton (incoherent) scattering. Energy 

is lost in the crystal, contributing to the absorbed dose. 

(c) Photoelectric absorption. The X-ray transfers all its 

energy to an atomic electron, which is then ejected and 

can give rise to the ionization of up to 500 other atoms. 

The excited atom can then emit a characteristic X-ray or 

an Auger electron to return to its 

ground state. (Garman Acta Cryst. (2010). D66, 339–351)  
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DOSE  

Absorbed Energy per Unit of Mass  

Gy = 1 J/Kg 

 

Defined by : 

• beam energy  

• flux density 

• atomic composition of the sample  

• absorption cross sections  

Henderson limit - 2 107 Gy  

Variation with composition: 

• +-50%  depending on solvent content, salt, ions,  

     sequence (Cys , Met, SeMet) 

• up to factor ~3 for heavy atom soaks at peak absorption  

RADDOSE (Murray, Garman, Ravelli)  
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Illustration of radiation damage over a wide range of time scales and dose. Left, UV–vis absorption 

spectrum of a cryocooled solution of cysteine, showing an intense peak at 400 nm corresponding to 

disulfide-anion radical production. (Southworth-Davies & Garman, 2007).  

Garman, Acta Cryst. (2010). D66, 339–351 
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Non-specific Radiation Damage  
Diffraction Intensity is a function of dose 

 β=8π2sAD   = 0.95  0.95  1.4     1.3 Å2  

Kmetko et al. (2006) Owen et al. (2006) 

D ½ = 4.3(±0.3) x107Gy 
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Resolution-dependent intensity decay 

Radiation Damage Modele 
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Non-specific Radiation Damage model: 

 Atomic Debye-Waller factor variation with Dose 
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• Derived from the series of refined structures as a function of Dose @ constant I/SigI/resolution 

• Not visible in electron density maps (other then blurring) 

• Generates extreme non-isomorphism (>70% in RE
2) 
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dBi/dD distribution 
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<ID>/ <Io> 
</I> 

R1I 

Dose [Gy] , d=2.5 Å 

Expected Intensity Variation 

SAD 
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Graphical solution of the equation   

at resolution 1.5 Å and fixed rot. 

width for 5° sequential rotation 

wedges.  
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ALCOHOL DEHYDROGENASE 

ID23-1, λ=0.973 Å, Flux=2.5 1012 

resolution =1.45 Å, Δφ=1º, t exposure=0.2 s,  

 Space Group      : C 1 2 1 

 Cell                     : 148.7  53.6  76.5  90.0 103.6  90.0 

 Mosaicity            : 0.40 degree 

φ=0º φ=90º 
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ALCOHOL DEHYDROGENASE 
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Relative Intensity VS. PHI
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<I>/<Sigma(I)> per every 5 dg.  Vs. Phi
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    BEST   Optimal Plan of data collection

-------------------------------------------------------------

 N| Phi_start| N.of.images| Rot.width| Exposure

 1    90.00         99              0.80           0.13   

 2   169.20        15              0.70           0.17  

 3   179.70        25              0.60           0.21  

 4   194.70        20              0.50           0.28   

 5   204.70        25              0.40           0.36  

 6   214.70        15              0.35           0.57   

 7   219.95        16              0.30           0.99   

 8   224.75        12              0.20           1.77  



Geometry  

Optimal starting spindle angle and scan range  

Maximum rotation angle without spot overlap 

Optimal Multiplicity 



Intensity vs. crystal position 
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User choices 

Space group 

Cell parameters  

Orientation 

Mosaicity 

I[(h,k,l))] 

Ibackground(h) 

Beamline Flux 

Crystal contents 

Crystal sizes 

Absorbed dose rate 

Initial Images 

Optimize data collection 

Optimize SAD data collection 

Find optimal crystal orientation 

Low-resolution optimal 

Rad. Damage sensitivity 

Multi-positional data collection 

Estimate data statistics 

Data collection strategy accounting radiation damage  

Detector parameters 

Beamline parameters 

and limitations 

Dose (Time) limit 

Geometry limits 

Aimed statistics 

Aimed completeness 

Aimed redundancy 

Aimed resolution 

Popov & Bourenkov, Acta Crystallogr. (2003). D59, 1145-1153   

Bourenkov & Popov, Acta Crystallogr. (2006). D62, 58-64  

Bourenkov & Popov, Acta Crystallogr. (2010). D66, 409-419 

BEST 

http://www.embl-hamburg.de/BEST/ 

http://www.embl-hamburg.de/BEST/
http://www.embl-hamburg.de/BEST/
http://www.embl-hamburg.de/BEST/
http://www.embl-hamburg.de/BEST/


A.Popov  27 

Interface:CCP4I BEST   
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EDNA MXv1 Characterisation 

• MX sample characterisation taking into account 

radiation damage 

• Indexing using MOSFLM or Labelit  

• Parallel integration of reference images 

• If flux + beamsize + chemical composition: 

• RADDOSE for estimating dose rate (Gy/s) 

• BEST strategy calculation  

• taking into account radiation damage 

• multi-subwedge data collection strategies 

 

 

MOSF

LM 

La

b

el

it 

RADD

OSE 

BEST 

Indexing 

Integration 

Strategy 

MOSF

LM 
MOSF

LM 
MOSF

LM 
MOSF

LM 

+ Xtal info 

+ beam flux 

+ diffraction plan 

Data collection plan 



A.Popov  29 



A.Popov  30 



A.Popov  31 

0

5

10

15

20

25

30

35

40

45

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18

1/d^2, 1/Á^2

R
-f

ac
to

r,
 %

BEST prediction

SCALA result

BEST prediction
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 Optimal data collection plan 

Total exposure time: 44 s, Dose = 17.6 MGrey

PHI_start    N.of images   Rot. Width     Exposure

136.0°                 19              0.8°             0.59s

151.2°                   5              0.8°             1.04s

155.2°                   8              0.8°             1.75s

161.6°                   4              0.8°             3.79s

Usual data collection

Total exposure time: 44 s, Dose = 17.6 MGrey

PHI_start    N.of images   Rot. Width     Exposure

136.0°                 36              0.8°            1,22s

Test data collection of a complex of viral supressor of RNA crystal according to the BEST 

plan.Two full data sets were measured at resolution 2.45 Å with equal dose using two 

different crystal parts from long (~ 0.2 mm) and thin (~0.025 mm) sample on ID23-1 
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Good native data  Poor anomalous data 

SAD optimization 

Minimum of RFriedel = <|<E2+>  -  <E2->|> is a target 
noise only, no anomalous scattering itself: 

decay, non-isomorphism 

exact pair-vice dose differences for Bijvoet mates 
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Testing: multiplicity dependency 

3.3 Å 

11 SeMet/400 a.a. 

Total Dose 3.6 107 Gy 

Constant rotation 

0

0.05

0.1

0.15

0.2

0.25

0 5 10 15 20

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

R
F

ri
e
d

e
l 

C
o
rr

e
la

ti
o
n

 

RFriedel, BEST 

RFriedel, data 

Correlation (|DANO|2, |FHcalc|
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BEST  
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Last Shell Statistics 
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SAD optimization 

Minimum of RFriedel = <|<E2+>  -  <E2->|> is a target 
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--------------------------------------------- 

 Resolution  RFriedel(%)  I/Sigma  Redundancy 

--------------------------------------------- 

    10.12         0.8        74.1      23.7 

     6.90         0.8        43.6      23.7 

     5.34         1.1        48.4      23.0 

     4.51         1.2        47.5      23.5 

     3.98         1.6        34.5      20.6 

     3.60         2.5        22.4      13.9 

     3.31         4.0        14.0      11.9 

     3.08         6.6         8.3       7.0 

     2.89        10.5         5.2       6.1 

     2.73        15.6         3.7       2.5 

     2.60        23.0         2.4       3.8 

---------------------------------------------------

------------------- 

 

SAD optimization 

Minimum of RFriedel = <|<E2+/w>-<E2-/w>|> is a target 

noise only, no anomalous scattering itself: 

decay, non-isomorphism 

exact pair-vice dose differences for Bijvoet mates 

 

http://skuld.bmsc.washington.edu/cgi-bin/MAD_power.pl 
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Rfriedel vs. resolution
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 σ (Ipeak) =SQRT (I peak + I background) 

Ipeak /σ(Ipeak)=n 

Ipeak /σ(Ipeak)=n*Sqrt(k) 
K-times 

Multi-crystal and multi-positional strategy  
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The 70 kDa membrane protein FtsH 

from Aquifex aeolicus  

I222, a = 137.9, b = 162.1, c = 170  
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Multi-position D.C. strategy 

The 70 kDa membrane protein FtsH 

from Aquifex aeolicus  

I222, a = 137.9, b = 162.1, c = 170  

JJ /
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The 70 kDa membrane protein FtsH from Aquifex aeolicus  

I222, a = 137.9, b = 162.1, c = 170  

JJ /
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Scanning Diffraction  

ID23-1 ESRF, Thermolysin P622 
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Diffraction Cartography 

Matthew W. Bowler 
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Some conclusions  
by Ruslan Sanishvili et al.  

Acta Crystal. D, 2008; 64(Pt 4): 425–435.  

• The best quality diffraction data are obtained when the size of the X-ray 

beam is matched to the size of the sample crystal to the upper limit of 

the beam size 

• Diffraction quality is reduced when the intercepted crystal volume 

inhomogeneous  

• In practice, the length scale of many crystal inhomogeneities lies 

between 10 and 100 µm.  

• Mini-beam should be used with small crystals to maximize diffraction 

quality.  

• A mini-beam can be used routinely to probe large crystals for their most 

perfect regions. For more robust and streamlined operations, new tools 

are needed to automate this process.  

 



Multi-positional data collection tests 17/05/2011 

FAE crystals 

ID23-1 
E=12.75Kev 

I=35 mA 

Aperture=0.03 mm 

Flux=1.5x1011 Photon/sec 

FAE1 – 4 positions FAE2 – 6 positions  
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FAE1 crystal 
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BEST predicted statistics 

XSCALE 
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FAE1 multi-positional data collection
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First image, position 1 Last image, position 1 

Radiation damage 

Upper edge of two images 
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Multi-crystal data collection 

Achieving resolution vs. Crystal size 

2° rotation 

12 crystals for full completeness 

I/Sigma(I)=1.8   
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More Information 

• EDNA 

• http://www.edna-site.org/ 

•  Incardona et al., J. Synchrotron Rad. (2009). 16, 872-879 

 

• BEST 

• http://www.embl-hamburg.de/BEST/ 

• Popov & Bourenkov, Acta Crystallogr. (2003). D59, 1145-1153   

• Bourenkov & Popov, Acta Crystallogr. (2006). D62, 58-64  

• Bourenkov & Popov, Acta Crystallogr. (2010). D66, 409-419 

http://www.edna-site.org/
http://www.edna-site.org/
http://www.edna-site.org/
http://www.edna-site.org/
http://www.embl-hamburg.de/BEST/
http://www.embl-hamburg.de/BEST/
http://www.embl-hamburg.de/BEST/
http://www.embl-hamburg.de/BEST/
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